Abstract
Introduction
The geological structure of the Malé Karpaty (Small Carpathians) Mountains consists of pre-Alpine fundament, Mesozoic mantle and higher Alpine-age nappes. Volcanic-sedimentary formation of the crystalline complex had originated within Silurian (113 -416 Ma) and 1 Miroslav Rusko, PhD. -Slovak University of Technology Bratislava, Faculty of Materials Science and Technology in Trnava, Institute of Safety and Environmental Engineering, Botanická 49, 917 24 Trnava, Slovak Republic, e-mail: mirorusko@centrum.sk 2 Peter Andráš, Assoc. Prof., PhD., Faculty of Natural Sciences, Matej Bel University, Tajovského 40, 974 01 Banská Bystrica; Geological Institute of Slovak Academy of Sciences, Ďumbierska 1, 974 01 Banská Bystrica, e-mail: andras@savbb.sk . It consists of pelitic-psammite sequences, carboniferous and black shales (Plašienka et al., 1991) .
The overall complex was metamorphosed during the regional Devonian metamorphosis (380 ± 20 Ma; Rb-Sr dating; Finger et al., 2003) . Subsequently, it was affected by late Variscan peri-plutonic contact metamorphosis (348 ± 4 Ma or 320 ± 3 Ma; Cambel et al., 1980 ; Rb-Sr and U-Pb dating).
The following rocks participate in the structural-tectonic structure: granitic rocks (mainly granodiorite composition), crystalline shale, amphibolites, limestones and quaternary sediments. The Bratislava Massif is represented by medium-grained granites -granodiorites which are mylonised and sericitised at the Borinská Unit interface. Crystalline shales represented by phylites, mica schists, gneisses and black shales in the west part of the territory are in the form of fragments and breccia consolidated by calcareous cement and sericiticchloritic phylites. Phylite layers are alternating with carbonates (Maheľ, 1961 ).
There are known various ore (mainly pyrite and Sb) deposits in the Malé Karpaty Mountains, such as Pezinok and Pernek ( Fig. 1) , Krížnica, Kuchyňa, Trojárová etc. Sb mineralisation occurs locally along with Pb-Zn mineralisation (e.g. at the Pod Babou Locality) and Cu-(Au-Ag) ± Ni-Co mineralisation in Častá (Cambel, 1959; Chovan et al., 1992) .
Geological and tectonic structure of the Sb-deposits
The most important Sb-deposit in Malé Karpaty Mts. is Pezinok. It is connected with SE-NW tectonic zone known as productive (pyrite zone) about 2 km in length. The deposit covers only 430 m in length of it; tectonic zone width near the surface is barely of 25 -50 m, but deeper, its extension can be seen. According to Cambel (1959) , the deposit is situated between two amphibole complexes of 50 -250 m where the ore-bearing volcanicsedimentary sequence is presented. It is presented mainly by muscovite-clay and blackcarboniferous shale, which are generally folded in detail and petrologically very variable. Various metamorphosed pyroclastic rocks, apophyses of granitic rocks and tiny loading bodies of amphibolites are less presented.
The deposit consists of two bigger ore bodies of stratiform character of unspecified genesis: central and base. The central deposit is bound to wide dislocation zone inclining about 75° to SW, NW-SE and its width on the surface is within the range of 25 -60 m. Some younger research papers (Andráš, 1983) refer to epigenetic character of the mineralisation.
Antimony mineralisation in the central deposit is tectonically transformed and is uprising in crushed and mylonised rocks where the shale with the organic material addition is of major importance. Exploration works determined the occurrence of smaller accumulations of Sb ores under the antimony adit horizon as well. They consist of small and irregular ore bodies (Cambel, 1959) .
The Pernek and Kuchyňa deposits are time-spatially very close to the Pezinok deposit and have the same/similar characteristics of mineralisation genesis as the Pezinok deposit and therefore we do not pay attention to them in more detail. Cambel and Vilinovič (1987) found out that the contents of U and Th (X -X0 ppm i.e. 0.000X -0.00X0 wt %) are in the Modra Massif lower in comparison with analogous granitic rocks in the Bratislava Massif. Other rock types and relation of U and Th concentrations to ore mineralisation were not studied in more detail.
Fig. 1 Surroundings of the Kolársky Vrch deposit and localisation of KV-44 and KV-46 boreholes 1 -granitic rocks, 2 -shale strata (phylites -gneiss), 3 -amphibolites, 4 -black shale with mineralisation (so-called productive zones), 5 -carbonates, 6 -quaternary sediments, 7 -area of the boreholes KV-44 and KV-46

Materials and methods
The studied area (Fig. 1) is situated near Pezinok, about 400 m north from a fishpond near the town (about 200 m from vineyards).
The samples from surface boreholes KV-44 and KV-46 were used. They were obtained during the research carried out in Pezinok near Kolársky Vrch in 1981 by the Geological Survey Bratislava, stored in the depository of the Geological Institute of the Slovak Academy of Sciences in Banská Bystrica ( Fig. 1 displays localisation of the surface boreholes).
The collected samples reflect all important rock types of the Malé Karpaty Mts. crystalline complex (granodiorites, biotite-gneisses, black shale and amphibolites).
The samples of weight 1 -5 kg were crushed to size under 0.05 mm, sulphide minerals were separated by flotation and optically repurified under the binocular loupe.
Chemical analysis of the main rock components (silicate analysis) was carried out from the samples powdered to analytical fineness by X-ray fluorescence analysis (Philips) in the laboratories of the Geological Institute of the Slovak Academy of Sciences in Bratislava (Ing. Boris Toman).
Atomic absorption spectrometry (AAS) of Ba, Pb, Cu, Zr, Co, Ni, V, Ca, Cr, Sr, La, and B was carried out from 0.5 g of rock sample gently pulverised and powdered to analytical fineness by single-beam atomic absorption spectrophotometer Philips/Pye Unicam, model PU -9 000 with deuterium background correction from HCl.
Rock decompositions and their preparation for Au determination according to methodology by Rubeška et al. (1977) were carried out from 5 g of sulphide minerals and 10 g of rock samples respectively. 
Results
U and 232
Th concentrations in individual rocks
U and 232
Th concentrations were determined in all important rock types of the Malé Karpaty Mts. Crystalline Complex (granodiorite, biotite gneiss, black shale and amphibolite). The samples of rocks from the surface boreholes KV-44 and KV-46 from Pezinok (near Kolársky Vrch) were used ( Fig. 2) . (Tables 2 and 3 ).
In the KV-44 borehole, in the depth of 236 -244 m, Th concentrations in black shale were almost 5 times higher (10.801 mg/kg) than 238 U concentrations (2.290 mg/kg). In the depth of 310 m, 232 Th concentrations in black shale were 4 times higher (13.234 mg/kg) than 238 U concentrations (3.188 mg/kg). In the KV-46 borehole, in the depth of 109 -111 m, 238 U concentrations in black shale were 37.800 mg/kg and 232 Th concentrations 1.524 mg/kg. The highest 238 U concentrations (37.800 mg/kg) were determined in the depth of 109 -111 m and 232 Th concentrations (13.234 mg/kg) in the depth of 310 m (Tables 2 and 3) . 232 Th concentrations in amphibolite, in the KV-44 borehole ranged from 7.251 to 8.151 mg/kg and were 4 times higher than 238 U concentrations (1.746 -1.806 mg/kg). The highest 232 Th and 238 U concentrations in amphibolite were determined in the depth of 398 -402 m (Tables 2 and 3 Th addition is in connection with granodiorite intrusion into crystalline shale.
238 U is presented in black shale together with Sb mineralisation but its concentrations do not show any positive correlation to metals (Cu, Ni) of hydrothermal mineralisation. This phenomenon is probably connected with 238 U mobilisation from granitic rocks. It is highly presumable that the addition of 238 U and 232 Th is connected with identical geological event (granodiorite intrusion). Because of Th(IV) is considerably less mobile than U(VI) (Polanski and Smulikowski, 1978; Rollinson, 1998 ) the subsequent U(VI) mobilisation and its reduction and stabilisation occurred in the geochemical barrier which consisted of black shale with syngenetic pyrite-pyrotite mineralisation.
Even though 238 U and ores of Sb mineralisation do not show any features of positive correlation of concentrations of individual elements, it is obvious that the addition of U and Th connected with granitic rocks was the mobilisation tool of hydrothermal solutions which brought Sb mineralisation and as well the mobilisation tool of U(VI). Therefore, the age of intrusion, U/Th mineralisation and Sb mineralisation should be about equal.
Discussion
According to classification by Tölgessy et al. (1998) , 238 U and 232 Th belong among very toxic elements and therefore the study of their distribution in land is very important. In the presented study, the samples from boreholes non-modified by exogenous processes were used to achieve at least deformed data on 238 U and 232 Th concentrations in individual rock types. Unfortunately, these data are not sufficient to take a stand to radioactive radiation.
238 U and 232
Th migrate due to the weathering processes into the soil, water and other land components. Their negative impact in the studied area has not been determined yet. It is mainly because of very low concentrations of these elements in rocks. Activity of radionuclide A is the quantity characterizing the radiation source. It indicates the number of disintegration of radioactive nucleus in material per 1 second. The activity unit is becquerel (Bq = s -1 ).
CALCULATION OF CONCENTRATIONS
Half-life of disintegration of 238 U is 4.5 billion years. There are 25,381 disintegrations connected with emission of ά particles in 1 gram of uranium per 1 second (Greenwood and Earnshaw, 1990; Yousef et al., 2007) . For comparison, gas-silicates with radiation effect used in home building and urban planning before the year 1985 had the activity higher than 400 Bq/kg (Klicpera, 2003) , whereas nowadays the limit value for building materials is 150 Bq/kg (Philippe, 2007 40 K nuclide at hundreds of Bq/kg. Occurrence of such radioactive elements in the building materials in buildings causes man's irradiation in two ways: a) external irradiation (γ radiation) due to radioactive decomposition of natural radionuclides; b) internal irradiation due to inhalation of radioactive nuclides originating in the air from radon which origins in the construction materials from radium. The activity of building materials and raw materials for their production is limited. Criterion of utilisation of building materials in terms of content of Based on the above listed ideas, it is possible to assume that 238 U concentrations (and obviously as well 232 Th concentrations) in the studied rocks are very low and they do not present any major environmental or health risk. Total radioactivity is significantly influenced by 40 K activities (30.933 -1,376.499 Bq/kg). These induce that majority of investigated rock samples significantly exceed total limit activity values for building materials (120 Bq/kg) and fluctuate within the range of 80.426 -1,454.402 Bq/kg. This determination enables us to express the negative opinion for their assumed utilisation in the form of building materials. On the other hand, their utilisation for roadwork and similar exterior work does not present any environmental risk.
Conclusions
The highest 238 U concentrations were determined in black shale and the lowest in amphibolite. The highest 232 Th concentrations were determined in granodiorite and the lowest in black shale. 
